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Topics under Study

Theme: MOCVD and MBE growths of nitride and oxide
semiconductor nanostructures for energy technology applications

Research Topics:

1. All-semiconductor White-light LED --- Stacking multi-parameter
InGaN/GaN QWs with MOCVD for white-light LED fabrication

2. Dislocation-free Nitride --- Patterned growth and coalescence
over-growth of InGaN nano-columns with MOCVD
(cooperating with AFRL)

3. Nano-photonics --- Surface plasmon coupling with InGaN/GaN
guantum wells for enhancing light emission

4. Growth of ZnO-related compounds --- ZnO/GaN hybrid growth
with MBE for efficient LED fabrication

5. Nitride-based Solar Cell --- Using InGaN for improving the
efficiency of solar cell




1. All-semiconductor White-light LED (1)

Stacking multi-parameter InGaN/GaN QWs with
MOCVD for white-light LED fabrication

| Currently, all solid-state white-light sources use phosphors to
convert photon colors.
Difficulties in using phosphors:
1. Sensitive color shifting from the variation of phosphor thickness and pumping
wavelengths
2. Patents are controlled.
3. Energy conversion is inefficient.

Use InGaN/GaN QWs of different indium
contents for emitting blue, green and red lights.

We have fabricated color contrast controllable
blue/green 2-color LED by stacking two different
QWs.
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1. All-semiconductor White-light LED (2)

Prestrained growth for increasing indium incorporation for
red-LED fabrication
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2. Dislocation-free Nitride

Patterned growth and coalescence over-growth of
InGaN nano-columns with MOCVD (cooperating with AFRL)

‘ High threading dislocation density in GaN
Nano-column growth and then coalescence growth
Prof. Kishino of Sophia University, Japan, also reported the
coalescence growth

TEM image of a single nano-
column — dislocation free

TEM image of coalescent
GaN nano-columns

nano-columns junction

sapphire TEM image of a re-growth junctionl




3. Nano-photonics

Surface plasmon coupling with InGaN/GaN gquantum
wells for enhancing light emission

—}“ Light emission efficiency of green-red emission is low.
Use surface plasmon coupling with QWSs for enhancing efficiency
competing with Dr. K. Okamoto, Caltech, CA, US
i

C. Y. Chen et al., Appl. Phys.
Lett. 89, 203113 (2006).
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Different metals have different enhancement
ratios in a particular wavelength range.
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The reduction of time-resolved
photoluminescence decay time confirms the
occurrence of surface plasmon coupling.




Three-year Plan
(January 2007 — December 2009)

1. Growth of Semiconductor Nanostructure (SNS)

-- Patterned and un-patterned MOCVD growths of InGaN/GaN nano-columns
(¢ooperating with AFRL)

-- Patterned and un-patterned MOCVD growths of InGaN/GaN gquantum dots

-- MOCVD growth of indium-rich InGaN quantum-well structures

-- M-plane and A-plane MOCVD InGaN/GaN growth for fabricating polarized LEDs
-- MBE growth of CdZnMgO quantum wells for high-efficiency emission

-- Hybrid growth of ZnO/GaN LED structures for high-efficiency emission

2. Surface Plasmon (SP) Coupling with Semiconductor Nanostructures
-- Dissipation and radiation rates of SP in a particular metallic structure

-- Roles of phonons of semiconductors and metals in the SP-SNS coupling process
-- SP properties in semi-metal-semi-semiconductor structures

-- Role of the guantum-confined Stark effect in a QW in SP-SNS coupling

-- Fundamental properties of InGaN/GaN photonic crystal membranes

3. Solid-state Lighting and Solar Cell Applications

-- Use of the SP-SNS coupling process for enhancing the LED emission efficiency
-- LEDs with light emission properties controlled by photonic crystal membranes
-- InGaN-based solar cell for the tandem operation and higher efficiency

-- Fabrication of polarized LEDs
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